A novel series of chalcone bearing pyrazoline moieties were (P1 to P7) synthesized and characterized by various analytical techniques. The antiin lammatory studies showed the compounds P1, P2, P5, and P6 have produced the noteworthy inhibition on protein denaturation (81.39 -96.57 %) when compared to standard 98.17% whereas, the antiproteinase activity was in the range of 84.55-90.44 % when compared to the standard, 95.95 %. The compounds, P1, P2, P5 (2-Cl, 4-Cl & -NO 2 substituent) bearing electronwithdrawing groups and the compounds P3 & P6 (4-N(CH 3 ) 2 & -OH substituent) possessing electron-donating group in its phenyl ring system exhibited the prominent activity. Further, to explore the molecular mechanism, the in-silico docking study against COX-2 enzyme was performed. The compounds were also screened for their antibacterial activities. Among them, the compounds P1, P2, P3, P5 and P6 showed the signi icant antibacterial activity against both gram-positive and gram-negative pathogen such as, Bacillus cereus, Staphylococcus aureus, Serratia marcescens and Staphylococcus typhi with maximum zone of inhibition within the range of 12-14 mm and 19-25 mm for 100 and 200 µg/ml concentrations respectively when compared to that of standard drug Gentamycin, whose ranges between 15-18 mm and 25-28 mm correspondingly.
INTRODUCTION
The infectious organism/pathogens growth and their multiplication will be either killed or inhibited by the antibiotics.
Owing to multidrugresistant pathogens there are many antibiotics have been questionable in current medical ield . On the other hand, the antibiotics have both the immune-modulatory and antiin lammatory properties (Andre, 2010) . In lammation depends on a various number of factors which re lects the response of the organism to a variety of stimuli and leads to many problems, the importance of anti-in lammatory agents cannot be overstated because of their ef icacy frequently as life-saving drugs in many diseases such as cancer, diabetes, arthritis, and rheumatic fever, etc. It is well apparent that the healing property of the anti-in lammatory drug is because it offers anti-bacterial activity.
The enzyme cyclooxygenases catalyze the metabolism of arachidonic acid which causes in lammation through the formation of prostaglandins H 2 that practically affects the diverse biological processes such as regulation of immune function, and maintenance of renal blood low, reproductive biology, and gastrointestinal integrity. This could be regulated by the COX-2 inhibitor, which possesses 1,3 aryl groups attached to the heterocyclic ring system (Singh et al., 2019; Kiruthiga et al., 2019) . However, the production of pro-in lammatory prostaglandins could be blocked by the inhibition of prostaglandins production through COX-2 inhibitors. The in lammation process is maintained by COX-2 by stimulating the prostaglandins such as PGI2, PGF2α, PGD2, and PGE2, with a wide range of actions (Pereira et al., 2013) .
Moreover, during the in lammation process, a luid buildup in the area of injury happens which leads to promoting the bacterial growth because of its increase in the vascular permeability perhaps cause edema which will support the bacterial growth by acting through nutrient media for the bacteria. The mechanism of antibacterial activity of the cox-2 inhibitors was not well understood by the researcher so far. However, it is assumed that the COX-2 inhibitors could help to reduce the bacterial infection through granulocyte function of prostaglandin inhibition. Therefore, we hypothesized that the COX-2 inhibitors might also inhibit the bacterial growth via the inhibition of in lammatory process such as prostaglandin mediated function (Madigan et al., 2000; Mycek et al., 2006) . During the in lammatory process, the prostaglandin could elevate the cyclic adenosine monophosphate which inhibits the phosphorylation and translocation of the cytosolic subunit to the cell membrane thereby produced the NADPH oxidase mediated bacterial killing (Stables et al., 2010) . Besides, the results of the author Aronoff et al. (2004) put forward that the PGE2 inhibits macrophage host defense functions such as phagocytosis and killing against bacterial infections added the association between COX-2 inhibition with the antibacterial activity of the molecules (Aronoff et al., 2005) .
The several diaryl heterocyclic compounds substituted on the central heterocyclic ring have been explored as potential scaffolds for the anti-in lammatory activity (Singh et al., 2019) . Among the nitrogen-containing ive-membered heterocycles, considerable attention has been focused on pyrazolines conjugates owing to their fascinating biological activities (Bhat and Kumar, 2017) , which includes anti-tumor (Johnson et al., 2007) , anti-tubercular (Sabale et al., 2018) , anti-in lammatory (Sudeep et al., 2011 ), anti-parasitary (Bhat et al., 2009 , anti-depressive and anticonvulsant (Özdemir et al., 2007) , antimicrobial (Milano et al., 2008) , antinociceptives (Singh et al., 2017) , antifungal (Chandrashekara et al., 2017) , antioxidant (Bhat and Kumar, 2018) , and nitric oxide synthase inhibitors, associated with diseases such as Alzheimer's, and in lammatory arthritis (Cara et al., 2009) .
Via taking into account, the chalcones are considered as an excellent scaffold as key starting materials for the syntheses of different classes of nitrogen-containing heterocyclic compounds such as pyrazolines, oxazoles, isoxazoles, thiophenes, and pyrimidines, etc. (Sahoo et al., 2017) These chalcone derived heterocyclics compounds possess to have a wide range of pharmaceutical importance which includes antibacterial, antifungal, antiviral, antiparasitic, antitubercular, herbicidal, fungicidal, analgesic, antioxidant, antipyretic, insecticidal, anticancer, antitumor, antidiabetic, anticonvulsant, antidepressant , and anti-in lammatory agents (Kumar et al., 2009) .
In this context, and because of our long-standing interest in the chemistry of the privileged chalcone annulated pyrazoline scaffold , the study encouraged us to further explore the pyrazoline motif as an active pharmacophore to exploit its anti-in lammatory and antibacterial property. A traditional synthesis involves the base-catalyzed aldol condensation reaction of ketones and aldehydes to give α,β-unsaturated ketones (chalcones), which undergo a subsequent cyclization reaction with hydrazines affording pyrazolines. Herein, the work describes the in-silico screening studies against COX-2 enzyme, which is compared with standard drug Celecoxib. The reason for selecting this Celecoxib is, it is a known selective inhibitor of COX-2 enzyme and have pyrazole moiety in it (Singh et al., 2019) . The various researches focused on the discovery of novel pyrazoline as a potent COX-2 inhibitor with improved therapeutic and safety consideration is an emerging state in present days. However, there are numerous examples of nitrogencontaining heterocyclic scaffold being used as an anti-in lammatory agent. To support this further, an in-vitro anti-in lammatory and antibacterial activities were also performed owing to In lammation is an unspeci ic response of the immune system to the pathogen.
The motive to test these synthesized pyrazolines conjugates as an anti-in lammatory agent are (i) to know the ef icacy of the chalcone pyrazoline hybrids (P1-P7) on antibacterial and in-vitro antiin lammatory activity; (ii) To study the structureactivity relationship (SAR) of chalcone annulated pyrazolines with various substituents on the benzene core (such as -Cl, -N(CH 3 ) 2 , -NO 2 , -OCH 3 and -OH groups) for antibacterial and anti-in lammatory activities. (iii) To investigate the anti-in lammatory potential of the synthesized compounds targeting COX-2 enzyme through in-silico molecular docking studies.
MATERIALS AND METHODS
All the chemicals (Merck, Hi-Media and Sigma-Aldrich, SD Fine chem., Mumbai) in this synthesis were of AR and LR grade and were obtained and used without further puri ication.
Experimental section
The Thomas Hoover apparatus was used to determine the melting points in open capillaries method and the result are uncorrected. The synthesized compounds were characterized by IR spectra were recorded on Shimadzu (8300, Kyoto, Japan) in the range of 4000 cm −1 -400 cm −1 using KBr pellet technique. The proton NMR spectra were recorded using BRUKER 300MHz NMR spectrometer using the solvent deuterated chloroform and trimethyl silane used as an internal standard. The chemical shifts (d) were recorded in parts per million (ppm) scale.
Synthesis of chalcone scaffolds
In our research, the chalcones were prepared by the reaction of an equimolar amount of acetophenone and various aromatic aldehydes with activating and deactivating groups in ethanol using a 40% NaOH solution as a catalyst to yield the various chalcone scaffold (Kiruthiga et al., 2018 ) (Scheme 1).
Synthesis of pyrazoline conjugates
An equimolar mixture of assorted chalcones (0.02 mol), 2,4-dinitro phenylhydrazine (0.02 mol), ethanol (25 ml), followed by the addition of 3 drops of concentrated sulphuric acid and was re luxed for 6-8 hours. The completion of the reaction was monitored by TLC (Hexane: Methanol (9:1), later the mixture was cooled and poured into crushed ice to get the chalcone annulated pyrazoline conjugates as a inal product. The precipitate obtained was iltered, washed and recrystallized using absolute ethanol Kiruthiga et al., 2018) . (Scheme 1) Substitution pattern for R= P1: 2-Chloro benzaldehyde; P2: 4-Chloro benzaldehyde; P3: Pdimethyl amino benzaldehyde; P4: 2-Chloro, 4dimethyl amino benzaldehyde; P5: Nitro benzaldehyde; P6: Vanillin; P7: Anisaldehyde.
Biological Evaluation

Anti bacterial activity
Liquid Mueller Hinton agar media was prepared and 18 h culture of Gram-positive microorganisms such as Bacillus cereus (MTCC 430), Staphylococcus aureus (MTCC 3160), Gram-negative microorganisms such as Serratia marcescens (MTCC 1698) and Staphylococcus typhi (MTCC 1430) obtained from IMTECH, Chandigarh were used for this study. The synthesized compounds at different concentrations (100, 200 µg/ml) were dissolved respectively in DMSO and tested for their antibacterial activity (Chandrashekara et al., 2017) .
Minimum inhibitory concentration (MIC)
The MIC of synthesized compounds was determined by using serial two folds dilution method (Jubie et al., 2012) . A series of test tubes were prepared to contain the same volume of medium inoculated with the test organism. The decreasing concentration of drug was added to the all tubes (200, 100 & 50 µg/ml) except for the one tube which was served as a positive control for the visible growth of the microorganism. The culture was incubated at room temperature for a period of 24 h at 37 o C. Based on the turbidity formed, the tubes were inspected visually to determine the growth of the microorganism. The suf icient concentration of the synthesized compound to inhibit the growth was visualized as a tube with clear media.
Assessment of in-vitro anti-in lammatory activity
Inhibition of albumin denaturation and proteinase action
The inhibition of albumin denaturation and proteinase action were assessed through previously reported Juvekar et al. (2009) method. In concise, the reaction mixture consists 1ml of synthesized compounds and as well a standard drug Aspirin at various concentrations (50, 100, & 200 µg/ml). The remaining procedure was followed as per the abovesaid method. The protein denaturation and proteinase inhibition were calculated in term of its percentage inhibition by using the following formula. Percentage inhibition = (Abs Control -Abs Sample) X 100/ Abs control.
Scheme 1: Synthetic scheme of chalcone annulated pyrazoline conjugates
In-silico evaluation
Molecular Docking Studies
The two isoforms of the membrane protein cyclooxygenase are COX-1 and COX-2. The COX-1 is mostly present in tissue and favors the physiological production of prostaglandins, whereas the COX-2 which is induced by cytokines in in lammatory cell and favors the elevated production of prostaglandins during in lammation (Gandhi et al., 2017) . The various intra and extracellular stimuli such as lipopolysaccharide, interleukin-1, TNF, EGF, PAF, and arachidonic acid, etc. could activate the in lammation-causing enzyme COX-2. The over-expression of COX-2 leads to metabolize the accumulation of ProstoglandinE 2 along with glucocorticoids. Both are powerful in lammation mediators.
However, by targeting this COX-2 enzyme, which favorably catalyzes the irst step of arachidonic acid metabolism and thereby causing in lammation.
To explore the potential putative targets of the pyrazoline conjugates as COX-2 inhibitors, a docking analysis was performed by using the Molecu-lar Operating Environment (MOE 2009.10 . Suite) software with the biological targets reported so far (Thangavelu et al., 2018) . The crystal 3D structure of enzyme cyclooxygenase-2 (prostaglandin synthase-2) complexed with a selective inhibitor, SC-558 (PDB code 1CX2) (Kurumbail et al., 1996) was retrieved from RCSB Protein Data Bank. These PDB iles were imported into MOE suite in which the receptor preparation module was used to prepare the protein. All the bound water molecules and hetero atom were removed from the complex by using sequence (SEQ) window, which is default in the MOE program. Both polar and non-polar hydrogen were added, and the 3D structure was corrected for further analysis. Further, the optimized target ligands were built in MOE followed by energy minimized; partial charges and potential energy were corrected and stored in the MOE database as .mdb ile. Later the ligand was docked with the cyclooxygenase (PDB: 1CX2) protein using the molecular simulation programme of MOE. For docking simulations, the placement was set as a triangular matcher, rescoring was set as London dG, the number of retaining was set as 10, and the re inement was set as force ield on molecular operating environment suite to generate 10 poses of each target ligand conformations. As a result of the docking run, the .mdb output iles were created with scoring and multiple conformations of each compound. All the docked conformations were analyzed, and the best-scored pose for the ligand was selected for further interaction studies. Besides, the ligand-receptor interaction followed by the surface analysis of the selected best pose ligand molecule was generated on MOE and viewed for interpretation.
RESULTS AND DISCUSSION
Synthesis
The new series of chalcone annulated pyrazoline conjugates were synthesized and evaluated for their in-vitro antibacterial, anti-in lammatory followed by In-silico COX-2 inhibition activity. The synthesized compounds were obtained in the reasonable yield. The percentage yield and melting point of the synthesized compounds were recorded and presented uncorrected. The key reactions involved were the intermediate formation of hydrazones and subsequent addition of N-H on the ole inic (CH=CH) bond that forms the ring-closed inal products of pyrazoline conjugates. In the 1 H-NMR, the signals of the respective protons of the inal title compounds were veri ied based on their chemical shifts and multiplicities. The IR spectra of the compounds show the appearance of C=C (ole inic), C=N, and N-CH stretching bands at 1580-1600, 1530-1600 and 3272-3300 cm-1 respectively due to the ring closure. The previous report of 1 H-NMR spectra of chalcone showed an ole inic proton as appeared as doublets at about δ 6.75 and 7.18 ppm respectively. After the ring closure, the CH proton of pyrazoline showed at around δ 5.81-6.02 ppm. .
P1:
5-(2-chlorophenyl)-1-(2,4-dinitrophenyl)-3phenyl-4,5-dihydro-1H-pyrazole. Orange powder. Yield: 80%; mp. 190-192ºC. IR (vmax in cm-1): 1595 (Aro C=C str); 3020 (Ar-H str); 1514 (Ar-NO2); 1350 (N=O str); 3272 (N-CH); 1459 (-CH2-); 1583 (C=N); 1216 (C-C); 2900 (C-H); 798 (-Cl-). 
Result of biological evaluation
Antibacterial study
The close survey of antibacterial ef icacy indicated that the inhibition values of all these compounds exhibited a varied range of zone of inhibition against bacterial strains. Among the all seven synthesized compounds, the compounds P1, P2, P3, and P6 showed the signi icant antibacterial activity against both gram-positive and gram-negative pathogen with maximum zone of inhibition i.e. about within the range of 12-14 mm and 19-25 mm for 100 and 200 (µg/ml) concentrations respectively when compared to that of standard gentamycin, whose value lies between in the range of 15-18 mm and 25-28 mm for 100 and 200 (µg/ml) concentrations respectively. (Table 1) The two factors in luence the Minimal Inhibitory Concentration (MIC) of pyrazoline viz, the rate of penetration into the bacterial cell and its inhibitory activity of DNA gyrase. The compounds were screened for antimicrobial activity against gram-positive and gram-negative bacterial strains (B.subtilis S.aureus, S.marcescens, and S.typhi) by twofold serial dilution method. (Table 2) . Along with the screened compounds viz. P1, P2 & P5 (2-Cl, 4-Cl & -NO2 substituent) (Bahare and Ganguly, 2014) bearing deactivating group i.e. electronwithdrawing groups and the compounds P3 & P6 (4-dimethylamino & -OH substituent) (Awale et al., 2013) bearing strongly activating group i.e. electron-donating group in its phenyl ring system exhibited the prominent antibacterial activity showed good MIC value of 50 µg/ml against both gram-positive and negative pathogen while compared to that of standard drug gentamycin. In general, halogenation improved the antibacterial activity and also due to highly electronegative, and oxidizing potential of chlorine atom leads to the development of bleaches and disinfectants. Further, it indicates the presence of chloro group on the phenyl ring is necessary for the enhanced activity than the nitro group in the ring (P5) (Abdel-Rahman et al., 2007) . Whereas the compounds P4 & P7 showed the modest activity against bacterial infection and the MIC value was 200 µg/ml, and with no activity with this concentration level, this is might be the presence of electron-donating atoms in its phenyl ring system. However, the compound P6 is a phenolic aldehyde possess electron-withdrawing group, whose antibacterial activity has been used in the elimination of pathogens (Bezerra et al., 2017) .
In-vitro Anti-in lammatory study
In lammation is one of the body's most important mechanisms for protecting itself against danger. The anti-in lammatory activity also done owing to in lammation is an unspeci ic response of the immune system to pathogens, such as assault by bacteria. Infection with pathogenic microbes often results in a signi icant in lammatory response. Based on this declaration, a microbial infection will cause luid accumulation in the injured/infected site and leads to in lammation and swelling. By considering the above discussion, an in-vitro antiin lammatory activity was also done. By the application of external stress such as acid, alkali, and heat, etc. the protein loses its tertiary and secondary structure along with their biological function and thereby cause in lammation condition (Deattu et al., 2012) . As a part of the investigation on the mechanism of the anti-in lammation activity of the synthesized compound, an additional ability to inhibit the protein denaturation was performed. Besides this, there is an equilibrium between proteinases enzyme in tissue injury, and their inhibitors play a major role in the maintenance of tissue reliability. The in lammatory cells possess the serine proteinases including neutrophils are concerned in diverse in lammatory condition (Hiemstra, 2002) whereas, the leukocytes proteinase during the in lammatory process develop the tissue damage which is signi icantly protected by the proteinase inhibitors (Leelaprakash and Dass, 2011) .
In accordance with this, all the synthesized compounds were evaluated for their protein denaturation activity, the compounds P1, P2, P3, P5 and P6 (50, 100, and 200 µg/ml) showed the signi icant inhibition in the range of 81.39% -96.57% while compared to the standard drug aspirin whose inhibition range was 98.17% at 200 µg/ml concentration. The compound P1 & P2 exhibited the highest anti-in lammatory activity among the synthesized compounds compared to that of standard. (Table 4 ) Whereas, the proteinase inhibitory activity of the synthesized compounds viz. P1, P2, P3, and P6 showed the signi icant inhibition in the range of 84.55%-90.44% when compared to the standard drug aspirin whose inhibition range was 95.95% at 200 µg/ml concentration. The compound P1 & P6 exhibited the highest proteinase inhibitory activity among the synthesized compounds compared to that of standard (Table 3) .
In-silico evaluation
Results of the docking simulation study
All the docked conformations for the synthesized compounds were found with the most favorable docking poses by means of a maximum number of Figure 1 a, Figure 1 b, Figure 1 c, and Figure 1 d . The synthesized compounds have the highest binding af inity with the receptors, in the narrow range of binding energy for the protein 1CX2 is -10.9936 to -22.4665 kcal/mol: London dG was -8.9568 to -11.5503 kcal/mol when compared to the standard drug celecoxib was -11.0932kcal/mol.
Further, the top docked con irmation of this compound depicted a greater alignment with the native ligand pose. In the compound P6, the Ala 156 acts as sidechain acceptor whereas in compound P5, the Lys 473 connected with an aromatic ring through arenecation interaction. The number of conformations generated by molecule was 10, which indicate that lexibility is an important parameter for the ligand to dock deeply within the binding pocket of the COX-2 enzyme. The lowest docking score for molecule P6 was -22.4665, which indicate compound is active at this energy of conformation. Further a careful calculation of surface analysis of the binding pocket of this molecule indicated that the compounds P1, P2, P5 and P6 adopted the position in a hydrophobic cage surrounded by the following amino acids residue such as, Pro 153, Glu 45, Met 45, Cys 47, Gly 135, Lys 137, Tyr 136, Asn 34, Ala 156 Val 155, Arg 153, glu 465, Leu 80, etc. and these were approach closely to the ligand for strong interactions.
The preface SAR of the chalcone annulated pyrazoline conjugates reveals that compounds are possessing electron-withdrawing groups such as halogen, nitro atoms in its aromatic ring favor better activity (P1, P2, & P5). This is maybe due to its high electronegativity and the presence of a lone pair of an electron with this substitution (Mujahid et al., 2015) .
CONCLUSIONS
The new series of chalcone annulated pyrazoline conjugates were synthesized and evaluated for their antibacterial, anti-in lammatory followed by insilico cyclooxygenase inhibitory activity. The chief reactions concerned with the chalcone intermediate formation followed by the addition of N-H bond on the ole inic (CH=CH) center discovered the ring closed pyrazoline conjugates. An in-silico docking study revealed that, among the seven target compounds, viz. P1, P2, P5, and P6 molecules showed the best docking score with the Cox-2 enzyme when compared to the standard drug score celecoxib. Hence, by introducing the various heterocyclic ring, more polar analogs, deactivating and activating groups in its phenyl system might lead to produce the novel drug course for many infectious diseases. S -The inal score, rmsd_re ine-The root means square deviation between the pose before re inement and the pose after re inement, E_conf-The energy of the conformer. E_place -Score from the placement stage, E_score1-Score from the rescoring stage(s), E_re ine-Score from there inement stage and No. of conf-number of conformations generated byligand
